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Insulin-like growth factor I (IGF-I) in the hypothalamic- 
pituitary-gonadal (HPG) axis during development of male  
and female tilapia, Oreochromis niloticus
by
Olivier MOret (1), Giorgi Berishvili (1), Natallia shved (1), elisabeth eppler (1),  
helena d’COtta (2), Jean-François BarOiller (2) & Manfred reiNeCke (1) 
AbstrAct. - IGF-I plays a crucial role in the regulation of bony fish growth, differentiation, and reproduction. The 
major source of circulating IGF-I is liver, but IGF-I-producing cells also occur in other organs. Our knowledge on the pres-
ence of iGF-i in the hypothalamic-pituitary-gonadal (hpG) axis is limited. thus, hypothalamus, pituitary and gonads of 
monosex breedings of male and female tilapia from 0 day post fertilization (DPF) to adulthood were investigated for the 
occurrence of iGF-i mrNa by in situ hybridization. in the male and female gonad anlage, iGF-i mrNa appeared in 
somatic cells at 7 DPF. In female germ cells IGF-I mRNA was found at 29 DPF, and in male germ cells at 51-53 DPF sug-
gesting that the production of iGF-i in the germ cells is linked to the onset of meiosis. in the neurohypophysis, axons con-
taining IGF-I-immunoreactivity appeared around 17 DPF but no IGF-I mRNA was detected suggesting that IGF-I mRNA 
containing neuronal perikarya within the hypothalamus are the source. In the adenopituitary, IGF-I mRNA was first detect-
ed at 30 DPF in some cells of the ACTH, α-MSH and GH regions and persisted throughout life constitutively in ACTH and 
α-MSH cells but its presence in GH cells showed marked inter-individual differences in later life, the latter likely due to the 
physiological status of the individual. Around 30 DPF, IGF-I mRNA appeared in cells in the gonadotropin (GTH) regions 
of the female and at 50 DPF of the male pituitary. During puberty (around 80 DPF), the expression of IGF-I mRNA in GTH 
cells was most pronounced in both sexes. It is assumed that IGF-I released from the GTH cells acts as auto/paracrine regu-
lator of cell proliferation and enhances Gth synthesis and release during puberty and reproductive phases.
Key words. - IGF-I - Gonadotropin - Growth hormone - ACTH - Puberty. 
Cybium 2008, 32(2) suppl. : 31-33.
(1) Division of Neuroendocrinology, Institute of Anatomy, University of Zürich, 8057 Zürich, Switzerland. [reinecke@anatom.uzh.ch]
(2) CIRAD-EMVT, UPR20, Campus International de Baillarguet, 34398 Montpellier, France.
Introduction
Insulin-like growth factor I (IGF-I) is a major hormonal 
regulator of growth and development. Among the non-mam-
malian classes, bony fish are the mostly studied mainly due 
to their great use in aquaculture. like in mammals, iGF-i in 
fish is produced not only in liver, the major source of the cir-
culating hormone, under the control of Gh released from the 
pituitary, but also in several extrahepatic sites indicating an 
important role of local iGF-i via paracrine/autocrine mecha-
nisms (Caelers et al., 2004). Among these organs are the 
male and female gonads (le Gac et al., 1996; Perrot et al., 
2000; Berishvili et al., 2006). Pituitary is the central endo-
crine organ that regulates crucial physiological functions 
such as growth, development, reproduction, and adaptation 
to environmental challenges  (agulleiro et al., 2006, Kasper 
et al., 2006). Recently, the distinct localization of IGF-I in 
subpopulations of the endocrine cells has been described for 
the pituitary of adult tilapia, Oreochromis niloticus (eppler 
et al., 2007). there is only limited information on the pres-
ence of IGF-I at some levels of the fish hypothalamic-pitui-
tary-gonadal (HPG) axis. Thus, the present study deals with 
the developmental expression of iGF-i in hypothalamus, 
pituitary and gonads of tilapia and correlates the time points 
of appearance and the amount of expression of iGF-i among 
the organs of the hpG axis investigated.
Material and methods
Fish of both sexes at different developmental stages, i. e. 
from 0 days post fertilization (dpF) to 17 months, of mono-
sex breedings of O. niloticus generated as described (Bar-
oiller et al., 1999) were used.. The cellular expression sites 
of IGF-I mRNA in brain, pituitary, ovary and testis were 
investigated by in situ hybridization. the procedure of the 
technique and its specificity for brain, pituitary (Eppler et 
al., 2007) and gonads (Berishvili et al., 2006) have been 
recently described.
results
Hypothalamus and neuropituitary
Allover the brain, IGF-I mRNA was expressed in virtu-
ally all neurones from 6 to 29 DPF. The number of IGF-I 
mRNA containing neurones decreased with age but numer-
ous hypothalamic neurones contained iGF-i mrNa through-
out life. in the neuropituitary, iGF-i immunoreactivity 
appeared in neurosecretory axons around 17 DPF while no 
IGF-I mRNA was detected. Throughout life the presence of 
IGF-I immunoreactive axons was characteristic for the 
neuropituitary although their number was lower in adults 
than during development.
Adenopituitary
in the adenopituitary, iGF-i mrNa appeared around 20 
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dpF. IGF-I mRNA was detected in few cells of the ACTH, 
α-MSH and GH regions (Tab. I) from 30 DPF on. Lateron, 
IGF-I mRNA was found in the majority of ACTH cells and 
α-MSH cells in all individuals investigated where it persist-
ed throughout life. in later development, iGF-i mrNa in 
Gh cells exhibited marked inter-individual differences. 
Around 30 DPF, IGF-I mRNA also appeared in some cells of 
GTH regions of the female and at 50 DPF of the male pitui-
tary (Fig. 1A). Around 50 DPF, IGF-I mRNA in the GTH 
cell regions was less in male than in female pituitary. During 
puberty, i.e. around 80 to 90 DPF, the expression of IGF-I 
mRNA in GTH cells was most pronounced in the pituitary of 
both sexes (Fig. 1B). In later life, only few GTH cells exhib-
ited IGF-I mRNA (Fig. 1C). Their numbers were increased 
during reproductive phases.
Gonads
at 7 dpF, in both male and female gonads iGF-i mrNa 
appeared in somatic cells but was not observed in primordial 
germ cells. In testes, around 51-53 DPF, IGF-I mRNA was 
present in both somatic and germ cells. At 165 DPF, IGF-I 
mrNa occurred in spermatogonia and spermatocytes and 
further in Leydig cells. At 29 DPF, IGF-I mRNA also 
appeared in female germ cells. At 165 DPF, IGF-I mRNA 
was present in primary and previtellogenic oocytes. Around 
vitellogenic oocytes and oocytes at the lipid stage, iGF-i 
expression was observed in granulosa and theca cells.
Discussion
IGF-I mRNA first appeared in somatic cells of the male 
and female gonad anlage. Because at this early stage of 
development (7 dpF) the gonad anlage is still undifferenti-
ated, iGF-i from the somatic cells may be essential for gonad 
development and differentiation (Berishvili et al., 2006). In 
female germ cells, IGF-I mRNA appeared at 29 DPF and in 
male germ cells at 51-53 DPF. It was assumed that the pro-
duction of iGF-i in the germ cells is linked to the onset of 
meiosis (Berishvili et al., 2006) that in tilapia ovary starts at 
around 28 DPF and in testes at around 52-53 DPF. In gener-
al, the results suggest an important physiological impact of 
local iGF-i in the formation and differentiation of tilapia 
gonads. Because IGF-I has been shown to occur in distinct 
localization also in adult fish gonads (Le Gac et al., 1996; 
perrot et al., 2000; Berishvili et al., 2006), i.e. in testis in 
spermatogonia, spermatocytes and leydig cells, and in ovary 
in small and previtellogenic oocytes, and in granulosa and 
theca cells, a crucial role of local IGF-I in fish reproduction 
is also suggested.
table i. - semiquantitative grading of iGF-i mrNa expression in the hormone regions of the adenohypophysis at the different time points 
investigated. IGF-I mRNA in (-) no, (-/+) few, (+) some, (++) many, (+++) most cells.
Figure 1. - localisation of iGF-i mrNa in developing tilapia pitui-
tary by in situ hybridization. A: Male pituitary at 50 DPF. b,c: 
Female pituitaries at (b) 80 DPF and (c) 13 months. Arrows indi-
cate neurons of the hypothalamus containing iGF-i mrNa. Bars: 
A = 80 μm. b = 120 μm. c = 250 μm. Regions are designated by 
the respective endocrine cells (ACTH, GH, α-MSH, GTH).
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in the neuropituitary, only iGF-i peptide but no iGF-i 
mRNA was detected at all developmental stages studied. 
thus, the likely source of iGF-i peptide in the neuropituitary 
are the iGF-i mrNa containing hypothalamic neuronal peri-
karya that were present throughout life. In the adenopitui-
tary, around 30 DPF IGF-I mRNA appeared in the ACTH, 
α-MSH and GH regions. The early presence of different sub-
populations of the endocrine cells as found here in tilapia 
agrees with results obtained in American shad (Laiz-Carrión 
et al., 2003). During early development, IGF-I was expressed 
also in the majority of Gh cells suggesting a role of iGF-i in 
the proliferation of Gh cells. at the later stages, the number 
of Gh cells containing iGF-i mrNa varied largely among 
the individuals as also found in adult tilapia (eppler et al., 
2007) suggesting that the iGF-i content in tilapia Gh cells 
may be correlated to the physiological, i.e. nutritional or pro-
liferative, status of the individual. in addition to the amount 
of liver-derived endocrine iGF-i (reinecke et al., 2005), 
IGF-I released from the GH cells may serve as auto/para-
crine mediator of a negative feedback mechanism. in con-
trast, as in adult tilapia (eppler et al., 2007), also during 
development IGF-I was constantly present in nearly all 
aCth cells. this result supports the hypothesis that iGF-i is 
constitutively expressed in aCth cells and that their 
involvement in coping with stressful situations may stress 
the ACTH cells and, thus, require IGF-I within the cells to 
protect them against apoptosis (eppler et al., 2007).
in the present study, during puberty a marked expression 
of IGF-I mRNA was observed in the GTH cell region. Incu-
bation of primary cultured pituitary cells of immature Coho 
salmon with physiological concentrations of IGF-I led to a 
significantly higher Gnrh-stimulated Fsh release and 
increased the content of FSH and LH within the cells (Baker 
et al., 2000). Furthermore, in primary cultured rainbow trout 
pituitary cells (Weil et al., 1999), the potentiating effects of 
IGF-I on GTH responses to GnRH were higher in early 
gametogenesis. Therefore, autocrine/paracrine IGF-I from 
the GTH cells may promote pubertal development in fish.
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